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Technical reports submitted to ONR during contract term:

Technical Report # Title

1 A Selective Spectral-Line Modulation Technique for
High Sensitivity Continuum Source Atomic Absorption
Spectrometry

2 Automatic Background-Correcting Spectrometer

3 Saturation of Energy Levels in Analytical Atomic
Fluorescence Spectrometry - I. Theory

4 Spectral and Noise Characteristics of a 300-W Eimac
Arc Lamp

5 A Modified Microwave-Induced Plasma (MIP) Discharge
Chamber Exhibiting High Stability and Immunity from

Sample Solvent Extinguishment

6 Physical Characterization of a New Atom Cell for

Atomic Spectrometry: The Helium-Oxygen-Acetylene

Flame

7 Report on Combined Meeting of the XX Colloquium
Spectroscopicum Internationale and 7th International
Conference on Atomic Spectroscopy

8 Simplified Apparatus for Routine Selective Spectral-
Line Modulation Atomic Absorption Spectrometry

9 Enhancement of Pneumatic Nebulization Efficiency
Through Application of an Electric Field

10 A New, Accurate Method for the Measurement of Rise
Velocities in Laminar Flames

11 Atomic Emission Spectrometry of Trace Metals Using a
New Kind of Microwave-Induced Helium Plasma at

Atmospheric Pressure

12 Biennial Review on Flame Emission, Atomic Absorption,
and Atomic Fluorescence Spectrometrv for Ai,-ilvt iul
Chemi st ry

13 Development and Characterization of a Miniature
Inductively Coupled Plasma Source for Atomic Emission
Spectrometry

14 Investigation into the Operating Characteristics of a

Microarc Atmospheric-Pressure Glow Discharge

15 Microwave-Supported Discharges

N- V, 1:-"



3

16 Theoretical Study of the Spatial Distribution of
Atoms Surrounding an Individual Solute Particle
Vaporizing in an Analytical Flame

17 Measurement and Comparison of Relative Free-Atom
Fractions in the Helium-Oxygen-Acetylene Flames

18 Comparison of Atomic Fluorescence Power Efficiencies
for the Helium-Oxygen-Acetylene and Air-Acetylene
Flames

19 Wide-Bandwidth Analog Correlator and Its Application
to Mode-Locked Laser Measurements

20 Experimental Studies on Spatial Distributions of
Atoms Surrounding an Individual Solute Particle
Vaporizing in an Analytical Flame

21 Hydrodynamic Flow Patterns as a Simple Aid to

Effective ICP Torch Design

22 Characteristics of the Background Emission Spectrums
from a Miniature ICP

23 Evaluation of Classical Vaporization and Ionization

Interferences in a Miniature ICP

24 An Accurate Model for Sample Droplet Acceleration in

Analytical Flames

25 Correction of Quenching Errors in Analytical
Fluorimetry Through Use of Time Resolution

26 A Linear Response Theory Approach to Time-Resolved

Fluorimetry

27 Reduction of Spectral Interferences in Flame Emission
Spectrometry by Selective Spectral-Line Modulation

28 Development and Characterization of a 9-mm
Inductively Coupled Argon Plasma (ICP) Source for
Atomic Emission Spectrometry

29 Effects of Gas Composition and Flame Sheathing on tli.
Spatial Velocity Profiles of Laminar Analytical

Acetylene Flames

30 Microwave-Supported Discharges

31 An Approximate Model for the Liber,t ion and
Ionization of Atons from Individual Solute Part icle!.
in Flame Spect 10111t. cV

-F or e r I r ]
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32 A Novel Device for the Accurate Dispensing of Small
Volumes of Liquid Samples

33 Power Stabilization Method for a Synchronously Pumped
Dye Laser System

34 Saturation of Energy Levels in Analytical Atomic
Fluorescence Spectrometry II. Experimental

35 Correlation-Based Approaches to Time-Resolved
Fluorimetry

36 Correlation Methods in the Chemistry Laboratory

37 Simple and Inexpensive Design for an Isolated Droplet
Generator Useful in Studies of Atomization in Flames

38 A New Method for Measuring Rates of Photosensitive

Reactions

39 A New Instrument for Time-Resolved Reduction of
Scattered Radiation in Fluorescence Measurements

40 On the Significance of Radiation Trapping in the
Inductively Coupled Plasma

41 Determination of Atomic and Molecular Excited-State
Lifetimes Using an Opto-Electronic Cross-Correlation
Method

42 Advances in Sample Introduction for Elemental
Analysis

43 A New, Directly Computer-Controlled pH Stat

44 Microdroplet Sample Application in Electrothermal
Atomization for Atomic Absorption Spectrometry

45 Reduction of Spectral Interferences in InductiVev
Coupled Plasma-Atomic Emission Spectrometry by
Selective Spectral-Line Modulation

46 Design and Construction of a Low-Flow, Low-Power
Torch for Inductively Coupled Plasma Spectrometrv

47 The Use of a Microarc Atomizer for Sample
Introduction into an Inductively Coupled Plasma

48 Replacement Ion Chromatography with Flame Photomet ric
Detect io . 1. Cat ions

1 Approichi|n'g tie iimit in Atomic Sloctioclic .ic,il

Anal

%
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50 A Separated Impedance Matcher/Load Coil Assembly for
Convenient Spatial Translation of an ICP Torch

51 A New Background-Correction Method for Atomic
Absorption Spectrometry

52 Signal-to-Noise Considerations in Fluctuation
Analysis Spectroscopic Techniques (FAST)

53 Near Infrared Reflectance Analysis by Gauss-Jordan
Linear Algebra

54 Modification of a Plasma-Therm Inductively Coupled
Plasma Supply to Enable RF Power Modulation

55 Sample Introduction into the Inductively Coupled

Plasma by a Radio-Frequency Arc

56 New Techniques and Tools for Clinical Chemistry

57 Jet-Impact Nebulization for Sample Introduction in
Inductively Coupled Plasma Spectrometry

58 A Detailed Consideration of Resonance Radiation
Trapping in the Argon Inductively Coupled Plasma

59 A Comparison of Signal-to-Noise Ratios for Ne;ir-
Infrared Detectors

60 Mini, Micro, and High-Efficiency Torches

61 A Detailed Consideration of Resonance Radiation
Trapping in the Argon Inductively Coupled Plasma

62 A New Method for Obtaining Individual Component
Spectra from Those of Complex Mixtures

63 Vaporization in the Absence of Ionization of Alkali
Chloride Particles in a Laminar Air-Acetylene Flame

64 Development of a Microwave Induced Nitrogen Disch;ir,,.
at Atmospheric Pressure (MINDAP)

65 Analytical Characteristics of the Microwave Induced
Nitrogen Discharge at Atmospheric Pressure (MINDA')

66 Identification of Limiting Noise Sources in The

Microwave Induced Nitrogen Discharge at Atmospheric
Pressure

61 Microsample Int roduction into the MINDAP Using a
U' Mi c ' roal' At om i 'or

I ,- • -,,,,, ".':.'.",','-'.'-". -' , . - -. --...... ..;-i . .. i- i-.- -'.. -.
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68 A Steady-State Approach to Excitation Mechanisms in
the ICP

69 Interferences in a Low-Flow, Low-Power Inductively
Coupled Plasma

70 Number of Samples and Wavelengths Required for the
Training Set in Near-Infrared Reflectance
Spectroscopy

71 Micro-Droplet Titration Apparatus for Analyzing
Small Sample Volumes

72 Comparison of Atomic Fluorescence Power Efficiencies
for the Helium-Oxygen-Acetylene and Air-Acetylene
Flames -- Resubmission of Technical Report #18

73 Burnt-Gas Composition of the Helium-Oxygen-Acetylene
Flame

74 Analytical Characteristics of Near-Infrared Nonmetal
Atomic Emission from a Helium Microwave-Induced
Plasma

75 Near-Infrared Nonmetal Atomic Emission from a Helium
Microwave-Induced Plasma: Element Ratio
Determinations

76 Interferometric Detection of Near-Infrared Nonmetal
Atomic Emission from a Microwave-Induced Plasma

77 Optimization of Sample Absorbance for Quantitative
Analysis in the Presence of Pathlength Error in the
IR and NIR Regions

78 An Optimization of Detector-Noise-Limited Infrared
Multi-Wavelength Determinations

79 Unique-Sample Selection via Near-Infrared Spectral
Subtraction

80 Near-Infrared Determination of Some Physical

Properties of Hydrocarbons

81 Analytical Characteristics of a Low-Flow, Low-Power
*Inductively Coupled Plasma

82 The Two Sides of Analytical Chemistry

83 Analytical Characteristics of an Optimized Miniature

Inductively Coupled Plasma Source

84 Optic,.l Imaging Spectrometers

d%
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85 An Apparatus for Thomson Scattering in an Inductively

Coupled Plasma

86 A Comparison of the Helium-Oxygen-Acetylene and Air-
Acetylene Flames as Atom Sources for Continuum-Source
Atomic Fluorescence

87 The Use of Sample Additives in Flame Emission

Spectroscopy

88 Near-Infrared Spectrophotometric Methods Development
with a Limited Number of Samples. Application to
Carbonate in Geological Samples

89 Modification of an ICP Radio-Frequency Supply for
Amplitude Modulation with Complex Waveforms

90 Energy Transport and Analyte Excitation in the ICP

91 Novel Techniques for the Determination of

Fluorescence Lifetimes

92 Fundamental Studies in the ICP Using a Sinusoidally

Modulated Power Input

93 Time-Resolved Fluorescence Using an Optical Fiber
Probe

94 Thomson Scattering from an ICP

95 Electron Temperatures and Electron Number Densities
Measured by Thomson Scattering in the ICP

96 A Fiber-Optic Absorption Cell for Remote

Determination of Copper in Industrial Electroplating
Baths

97 A Modulated Sample Introduction System for Atomic
Emission Spectrometry

98 Twenty-five Years of Analytical Atomic Spectrometry

99 A Steady-State Approach to Evaluation of Proposed
Excitation Mechanisms in the Analytical ICP

100 Use of Time-Resolution to Eliminate Bilirubin

Interference in the Determination of Fluorescein

101 A Computerized Tool for Studying Two-Dimensional

Images of Spectroscopic Sources

102 A Novel Liyjht -S attering Tecliniqte to Stuody (as- 'l ow

Dlynamics in ai ICP Torcli
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103 Determination of Subnanosecond Fluorescence Lifetimes
with a UHF Television Tuner and a CW or Mode-Locked

Laser

104 An Improved Uniform Size Droplet Generator

105 A New Technique for the Elimination of Fluorescence

Interference in Raman Spectroscopy

106 Temporally and Spatially Resolved Studies in an
Amplitude Modulated ICP

107 Taming the Surfatron

108 Analytical Characteristics of a New, Versatile
Inductively Coupled Plasma-Mass Spectrometer

109 Morphological Investigation of Solute Particles
Trapped from an Air-Acetylene Flame

110 The Use of Sample Modulation to Simplify the
Experimental Arrangement of Selective Line Modulation
in Atomic Emission Spectrometry

i11 A Detailed Study of Noise Sources in Selective Line

Modulation Atomic Spectrometry

112 A Modulated Sample-Introductioi. System for ICP-Atomic

Emission Spectrometry

' A

e An
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List of Publications Emanating from Contract

1. "Automatic Background-Correcting Spectrometer", Anal. Chem. 48, 2030-3
(1976) (with R. J. Sydor and J. R. Sinnamon).

2. "A Selective Spectral-Line Modulation Technique for High Sensitivity
Continuum-Source Atomic Absorption Spectrometry", Anal. Chem. 49, 98-
105 (1977) (with R. L. Cochran).

3. "Influence of Droplet Desolvation, Particle Vaporization and Atomic
Diffusion on the Distribution of Atoms in Analytical Flames and
Plasmas", Bulletin of the Technical University, Prague, Czechoslovakia,
113-23 (1977) (with C. B. Boss).

4. "Physical Characterization of the Helium-Oxygen-Acetylene Flame as an
Atom Cell for Atomic Spectrometry", Anal. Chem. 49, 2013-8 (1977) (with

K. A. Saturday).

5. "Spectral and Noise Characteristics of a 300-W Eimac Arc Lamp", Anal.
Chem. 49, 2040-3 (1977) (with R. N. Cochran).

6. "Saturation of Eniergy Levels in Analytical Atomic Fluorescence
Spectrometry--l. Theory", Spectrochim. Acta 33B,79-99 (1978) (with D-
R. Olivares).

/. "DeterDi nat ion of- Trace Me ta Is by Microwave Plasma Spectrometry wit I
Atmospheric Pressure Helium Discharge", Anal. Chem. 50, 12'/-60 (19/8)
(with A. T. Zander).

8. "A New, Accurate Method for the Measurement of Rise Velocities in

Laminar Flames", Appl. Spectrosc. 32, 377-80 (1978) (with C. B. Boss).

9. "Enhancement of Pneumatic Nebulization Efficiency Through Application
of an Electric Field", Rev. Sci. Instrum. 49, (10) 1418-24 (19/8) (with

R. N. Savage).

10. "Development and Characterization of a Miniature Inductively Coupled
Plasma Source for Atomic Emission Spectrometry", Anal. Chem. 51, 408-1I
(1979) (with R. N. Savage).

11 . "Investigation into the Operat ing Characterics of a
'Microarc 'Atmospheric- Pressur-e (low Discharge" , Appl . Spect rosc _

(3) 230-40 (1979) (with R. I. Bystroff, and

I,. R. Layman).

12. "Theoretical Study of tile Spatial Distribution of Atoms Surrotndi ri, an

Individual Solute Particle Vaporizing in an Analytical Flame", An,,1.
Chem, 51, 89 -901 (l979) (with C. B. Boss).

1. |de-Bandwidth Analog CorreIator and Its Applicat ion to Mode-Locked
Laser Measurements", Rev. Sci. Instrum. 50, (8) 997-1001 (1919) (with
1. M. Ramsey arid G. R. Haugen).

S"
I. .. . _, - .- . - ._.._-. . .- .. , '.-'-1 .. ',¢' .'""...'''..; ."t,,." '; w"
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14. "Hydrodynamic Flow Patterns as a Simple Aid to Effective ICP Torch

Design", Appl. Spectrosc. 33, (6) 643-6 (1979) (with E. Sexton and R.

N. Savage).

15. "Vaporization and Ionization Interferences in a Miniature Inductively

Coupled Plasma", Anal. Chem. 52, 1267-72 (1980) (with R. N. Savage).

16. "Characteristics of the Background Emission Spectrum from a Miniature
ICP", Anal. Chim. Acta 123, 319-24 (1981) (with R. N. Savage).

17. "Experimental Studies on Spatial Distributions of Atoms Surrounding an
Individual Solute Particle Vaporizing in an Analytical Flame", Anal.

Chem. 51, 1897-1905 (1979) (with C. B. Boss).

18. "Comparison of Atomic Fluorescence Power Efficiencies for the Helium-

Oxygen-Acetylene and Air-Acetylene Flames", Anal. Chim. Acta 164, 51-66

(1984) (with K. A. Saturday and A. Yuen).

19. "Measurement and Comparison of Relative Free-Atom Fractions in the

Helium-Oxygen-Acetylene Flame and Air-Acetylene Flames", Anal. Chem.

52, 786-92 (1980) (with K. A. Saturday).

20. "An Accurate Model for Sample Droplet Acceleration in an Air-Acetylene
Flame", Anal. Chim. Acta 118, 293-9 (1980) (with R. E. Russo).

21. "Correction of Quenching Errors in Analytical Fluorimetry Through Use
of Time Resolution", Anal. Chim. Acta 123, 255-61 (1981) (with C. R.

Haugen).

22 "Reduction of Spectral Interferences in Flame Emission Spectrometrv by

Selective Spectral-Line Modulation", Anal. Chim. Acta 121, 165-74

(1980) (with S. W. Downey and J. G. Shabushnig).

23. "Effects of Gas Composition and Flame Sheathing on the Spatial Velocity

Profiles of Laminar Analytical Acetylene Flames", Spectrochim. Acta

36B, 231-41 (1981) (with
R. E. Russo).

24. "Development and Characterization of a 9-mm Inductively Coupled Argon
Plasma (ICP) Source for Atomic Emission Spectrometry", Anal. Chim. Actt
124, 245-58 (1981) (with A. D. Weiss and R. N. Savage).

25. "An Approximate Model for the Liberation and Ionization of Atoms froim
Individual Solute Particles in Flame Spectrometry", Spectrochim. Acti

36B, 205-13 (1981) (with B. D. Bleasdell and E. P. Wittig).

'6. "Microwave-Supported Discharges", Appl. Spectrosc. 35, 357-71 (11)81

(invit,'d eview per with A T. Zander).

N' "Power S(;1hili ation Method for a Synchronolsly l'umpe ,d Dye Laser

N Sys;tem", Rev. Sci. I1stirum. 12. 1/2-3 (1981) (with R. E. Rki!;so and R.
Witht'll 1).

A*

S.-. - " .
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28. "A Novel Device fcor the Accurate Dispensing of Small Volumes of Liquid
Samples", Anal. Chim. Acta 126, 167-74 (1981) (with J. G. Shabushnig).

29. "Correlation Methods in the Chemistry Laboratory", American Laboratory
13, (3) 76-83 (1981) (with G. Horlick).

30. "Correlation-Based Approaches to Time-Resolved Fluorimetry", Anal.
Chem. 53, 755-66A (1981) (with G. R. Haugen).

31. "Saturation of Energy Levels in Analytical Atomic Fluorescence Spec-
trometry--II. Experimental", Spectrochim. Acta 36B, 1059-79 (1981)
(with Dorys Rojas de Olivares).

32. "Simple and Inexpensive Design for an Isolated Droplet Generator Useful
in Studies of Atomization in Flames", Appl. Spectrosc. 35, 531-6 (1981)
(with R. E. Russo and R. Withnell).

33. "Stochastic Photolysis: A New Method for Measuring Rates of Photo-
sensitive Reactions", Appl. Spectrosc. 36, 203-9 (1982) (with G. R.
Haugen, L. L. Steinmetz, and R. E. Russo).

34. "A New Instrument for Time-Resolved Reduction of Scattered Radiation in
Fluorescence Measurements", Anal. Chim. Acta 134, 13-9 (1982) (with R.
E. Russo).

35. "On the Significance of Radiation Trapping in the Inductively Coupled
Plasma", Spectrochim. Acta 37B, 191-7 (1982) (with M. W. Blades).

36. "Determination of Atomic and Molecular Excited-State Lifetimes Using an

Opto-Electronic Cross-Correlation Method", Appl. Spectrosc. 36, 92-9
(1982) (with R. E. Russo).

37. "Advances in Sample Introduction for Elemental Analysis", Industrial
Chemical News 3, (1) 1 (1982).

38. "A New, Directly Computer-Controlled pH Stat", Anal. Chim. Acta 141,
173-86 (1982) (with R. E. Lemke).

39. "Microdroplet Sample Application in Electrothermal Atomization for
Atomic Absorption Spectrometry", Anal. Chim. Acta 148, 181-92 (1983)
(with J. G. Shabushnig).

40. "Reduction of Spectral Interferences in Inductively Coupled Plasma-
Atomic Emission Spectrometry by Selective Spectral-Line Modulation",
Anal. Chim. Acta 141, 193-205 (1982) (with S. W. Downey).

41. "Approaching the Limit in Atomic Spectrochemical Analysis", J. Chem.
Educ. 50, 900-9 (1982).

42. "A Separated Impedance Matcher/Load Coil Assembly for Convenient
Spatial Translation of an ICP Torch", Appl. Spectrosc. 36, 689-91
(1982) (with J. W. Carr and M. W. Blades).

........................................................ *
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43. "Modification of a Plasma-Therm Inductively Coupled Plasma Supply to

Enable RF Power Modulation", Appl. Spectrosc. 37, 571-573 (1983) (with

R. E. Ensman and J. W. Carr).

44. "Design and Construction of a Low-Flow, Low-Power Torch for Inductively

Coupled Plasma Spectrometry", Appl. Spectrosc. 36, 627-31 (1982) (with

R. Rezaaiyaan, H. Anderson, H. Kaiser, and B. Meddings).

45. "Signal-to-Noise Considerations in Fluctuation Analysis Spectroscopic

Techniques", in New Directions in Molecular Luminescence, D. Eastwnod,
ed., ASTM Publication 822, Philadelphia, 1983, pp. 82-100 (with J. M.
Ramsey).

46. "The Use of a Microarc Atomizer for Sample Introduction into an

Inductively Coupled Plasma", Appl. Spectrosc 37 101-5 (1983) (with .

P. Keilsohn and R. D. Deutsch).

*. / "Replacement Ion Chromatography with Flame Photometric Detection",
Anal. Chim. Acta 153, 1-13 (1983) (with S. W. Downey).

48. "Near Infrared Reflectance Analysis by Gauss-Jordan Linear Algehrai",

Appl. Spectrosc. 37, 491-497 (1983) (with D. E. Honigs, J. M. Fri-elin,
and T. Hirschfeld).

,4, "Sample Introduction into the ICP by a Radio-Frequency Arc", Anal
Chem. 55, 1414-17 (1983) (with P. B. Farnsworth).

5(). "A New Method for Obtaining Individual Component Spectra from ''s,. ,t
Complex Mixtures", Appl . Spectrosc. 38, 317-3?2 (198 ) (with I) F
Honigs and T. Hirschfeld).

-l "A Detailed Consideration of Resonance Radiation Trapping in the Ar ',ii
Inductively Coupled Plasma", Spectrochim. Acta, Part B 39, 8539-860

(1984) (with J. W. Mills).

S5. "Jet-Impact Nebulization for Sample Introduction in Inductively Colipl'',

Plasma Spectrometry", Appi. Spectrosc. 38, 405-412 (1984) (with M. P.
Doherty).

53. "New Techniques and Tools for Clinical Chemistry", Clin. Chem. 29, (9Q

1659-1664 (1983).

I.'.. "Mini, Micro, and High-Efficiency Torches for the ICP -- Toys or

Tools?", Spectrochim. Acta 38B, 1465-1481 (1983).

. "A Comparison of Signal-to-Noise Ratios for Near-Infrared Detector;",

Appl. Spectrosc. 38, 837-843 (1984) (with J. E. Freeman).

"V.1)pr i zat ion iT i the Absence of Ioi zat ion of Al kal i Chloride Parlt ic I

in a l.,imnar Air-Acetvlene Flame", Spectrochii. Acta, /40B, 09-216

" (I' (' (wiHl Y. Pik),

i,,
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57. "Development of a Microwave Induced Nitrogen Discharge at Atmospheric

Pressure (MINDAP)", Appl. Spectrosc. 39, 214-222 (1985) (with R. D.

Deutsch).

58. "Analytical Characteristics of the Microwave Induced Nitrogen Dis-
charge at Atmospheric Pressure (MINDAP)", Appl. Spectrosc. 39, 531-534

(1985) (with R. D. Deutsch and J. P. Keilsohn).

59. "Identification of Limiting Noise Sources in the Microwave Induced
Nitrogen Discharge at Atmospheric Pressure", Appl. Spectrosc. 39- 19-24
(1985) (with R. D. Deutsch).

60. "Microsample Introduction into the MINDAP Using a Microarc Atomizer",
Anal. Chem. 56, 1923-1927 (1984) (with R. D. Deutsch).

61. "A Steady-state Approach to Excitation Mechanisms in the ICP",
Spectrochim. Acta 40B, 167-176 (1985) (with G. D. Rayson and J. W.

Olesik).

62. "Interferences in a Low-Flow, Low-Power Inductively Coupled Plasma",

Spectrochim. Acta 40B, 73-83 (1985) (with R. Rezaaiyaan and J. W.
Olesik).

63. "Number of Samples and Wavelengths required for the Training set in
Near-Infrared Reflectance Spectroscopy", Appl. Spectrosc. 38, 844-847

* ,(1984) (with D. E. Honigs and T. Hirschfeld).

64. "Micro-Droplet Titration Apparatus for Analyzing Small Sample
Volumes", Anal. Chem. 56, 2884-2888 (1984) (with A. W. Steele).

65. "Burnt-Gas Composition of the Helium-Oxygen-Acetylene Flame", Anal.
Chim. Acta 162, 403-407 (1984) (with A. Yuen).

66. "Analytical Characteristics of Near-Infrared Nonmetal Atomic Emission

from a Helium Microwave-Induced Plasma", Spectrochim. Acta 40B, 475-492
(1985) (with J. E. Freeman).

67. "Near-Infrared Nonmetal Atomic Emission from a Helium Microwave-
Induced Plasma: Element Ratio Determinations", Spectrochim. Acta, 40B,
653-664 (1985) (with J. E. Freeman).

68. "Interferometric Detection of Near-Infrared Nonmetal Atomic Emission
from a Microwave-Induced Plasma", Appl. Spectrosc. 39, 211-214 (1985)
(with J. E. Freeman).

69. "Optimization of Sample Absorbance for Quantitative Analysis in the
Presence of Pathlength Error in the IR and NIR Regions" Appl.
Spectrosc. 39, 430-433 (1985) (with D. Honigs and T. Hirschfeld).

70. "An Optimization of Detector-Noise-Limited Infrared Multi-Wavelength
'- Determinations" Appl. Spectrosc. 39, 253-256 (1985) (with T. Hirschfeld

and D. Honigs).

'I
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71. "Unique-Sample Selection via Near-Infrared Spectral Subtraction" Anal.
Chem. 57, 2299-2303 (1985) (with D. E. Honigs, H. Mark, and T. B.
Hirschfeld).

72. "Near-Infrared Determination of Several Physical Properties of Hydro-
carbons", Anal. Chem. 57, 443-445 (1985) (with D. E. Honigs and T. B.
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This constitutes the final report of work accomplished under ONR

contract N00014-76-C-0838. Over the ten-year period during which tii';

contract was in force, a great deal was accomplished. As revealed

earlier in this document, 112 technical reports were prepared, out of

which has stemmed already 104 publications in refereed journals

Additional publications are still appearing and will he forwarded ;I,;

they are received.

In addition, a substantial number of research personnel have been

supported under this contract. A total of 9 Master's theses resulted

from these studies, as did 14 Ph.D. theses. Also, 5 post-doctoral

associates were funded, as were a number of part-time, clerical, and

technical staff members.

Because of the wide range of activities that were puroued. it il,

difficult to summarize them here in a brief way. Instead, this repot'

will concentrate on several highlights of the studies that have he,.,i

completed to date. Importantly, a portion of this work is heing

continued under a new ONR contract, N00014-86-K-0366. In the tollowit,

narrative, the papers cited are those listed elsewhere in this report

under "List of Publications Emanating from Contract".

The principal focus of work pursued under the ONR contract jiu;t

endin~is to develop and characterize new methods for multiclement

analysis. Three such methods were originally emphasized and iclited

the development of low-flow, high-efficiency torches for use in

inductively coupled plasma (ICP) spectrometry, the exploration of nov,

microwave-induced plasmas (KIP) for elemental analysis, and the

exploration of a new technique for the spectral selection of atomic oi

ionic emission lines, termed selective spectral line modulation (SI)

Our studies to develop high-efIiciencv torches for ICP use ha'..

been highly successful and have resoulted in systems tl Iat .ire now widh'l.

tused in commercial instruments. This work has been reviewed in a

journal (54) and a book chapter (105).

Our work with high-efficiency torches began with the developlent t,!
miniaturized systems (10, 14-16, 24). In those studies, we pr-ogressed

from a "standard" 18-mm torch, to 13-mm systems, and finally to a Q-mi)

device. By careful design, we were able to reduce thereby the gas-f low

and power requirements for sustaining a usable plasma, and withot lo.,,,

of operating performance.

Later, we turned to a carefuil opt imizatio (oit o torch (hjmertsjoil."

and showed that it was possible to achieve the same kitids of reduct ill 

operating power and gas flows but with a st ol ard-si:e (18-111tn) toicl

This approach has the advantage of permittinig the new hih - I ici eticv

torch to be employed with older ICP in struments. 't--orillt'nce of thil,

kind of system was later evaluated (0.), / ) and its applic ttion to

iniriaturized torchels e,. inrid (/). It we1 , foirtl t1.t tl.re i l i t l,

.Idh itio .,l .d dv. ti'tag to rii i t l , a f lll' ,p ( lil i. l, 1 '01,i 1
o p ( l l i , -c d. I t o l c h t-; il , il w .1v , l , .. ,'ifid 1,: 1 , .: i, . 1 I

,o..
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vendors of I CP instruments oIffe'r crTIc ed -. i ze to rchlies patte r it'd 'ift-
our design.

Our studies into mnicr-owave-i riduc'td plasrias higari WiI it rsh'

p res sure sys tems in heliurn ( /) t hat have s troujI, adVa ttages. ovt'
alternative argon- support ed di setarges Or t hoset hat opera't t, a.0-f

pressure. The characteri st ics ot mnicrowave. p114 asnswtr'ai .,oe''

(26). Because the key to successful operat iont of inl MlIP wi1" t itini t'.

the delivery of a pre-vaporized formi of thet sa;mple inittril wo tillln

our attention in part to the development anid txpl orait iii 01f Att ti

sample- introoduct ion techniques. TITe rini'roar,- svsti-'m , o)) 'i 't''

nicely and was evaluated fur-ther (see below). Beai'i'ars of t ili' hi
excitation energy avai lable inl the he'lium Ml P. we foiirii t h.it it w.1t.

uIse fl not Only for- the XC i tiat ion Of me1t,1 a iat oiis biut a ik o -irilit' 14
species (66-68). A mtore' recen'tt des ipgri (9~8) , sukipiirt t'd1 lv .I srf

St rulCture( termed a t surfat ron" of fers ex'eri l'.rt'attr 'aipafilit. tha '11itl

earl ier MI P supported by a resonant 'a;v itrv deicoi t Wt- c-tit ilnil-t. ill,
explorat ion of this novel svst em und~t(ir the( neCw ()NR '"li ot

In the course of our MIP explorat ioni, we' ;tii,'tittI tiit, ueit

n itr-ogen as anl i nexpetis i vi aid~ corvivii t 1,x ivai fI''iput '

re'sutinirg dev ice , wh i ch we tei' u i- th l ii 'niiiitwa\t inrii( It I ltii t ) itt~

(fiuchargi' it atmospheirit'c t'sit' (MINIMAI) ('),' W)O) IIIt i' . ili (I i.!

at t iact yec a I t 'rriat i vi's ovt' th li 'at tsll t' I it pI k' k.si r I i Itil un T, . W

pirt icular, the MINDAP is a thlrir.1I l. 1it01 tt' c tt It I ti I i i

.iipt SaImphie aerosols di rist lV., wi t liitiit ti. ru-ti? It(tt lit' .'Ipi -. I! I'I
In i idd i t iiti, t hi' MI NI)Al pi-oitii -t' a t Iii I t k int'. intit I i k- I fit,. 1( I'

ill i t'i on I Iut h t tin l t I atT] i (' I III It i ti W t I I , .~ I dc ( I i I i ii (I I t k.

Out st ridi e s ; ii bat y o tl' rist of it' iIl t' ' i l 11 1' slt 1i [1 1 1 i'. itt I lti. tic,

11" I. )- Che anI w i t l' i app I v i rIg it' II t ('t'lit I II t i a, iti I i I f t i -MI' APt i iI

I' t " 0( t u tuti i ll('i i 55iI (iI s 'tiitli' ct wx 1) 1 *t ) I iltt I i mlt'

-ii )iit r rn n at d i o u ' it tl( It! i' iiii it I i I Ir i it ili t it' I

tee i ine t suppr t i ' sd wri i t t lit I e lilt i ikt, I I I t ' I A irt (-ci l( I I I

ix t t.'.ii' a 'At i v tip--1 i a 'f I iti itt I lit T) i '.iii t i t i I'. a tIc i' I " iIt 'I t ' it . I t'll ll IS IIO ;f. W 11 I' l t I II I I C P .Ii I i , Ij
0 1 1lit- i Ilim i I m c , t t i it I I-1
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sample (49). Recent investigations have shown that this "RF arc"
technique is highly attractive for solid, conducting samples. Another

potentially attractive approach to sample introduction involves the jet-

4, impact nebulizer (52), which functions by directing a sample solution
onto a solid surface. The kinetic energy of the jet is thereby

converted into internal energy within the jet, so it is disrupted into

fine aerosol.

Lastly, we examined modulated sample-introduction systems for use
with emission spectroscopic sources like the ICP (89, 104). Such

systems served to modulate a sample and its signal but not a potent ialIv
interfering background level. As a consequence, the signal attributahl.

to the sample can be extracted with the use of simple, frequency-

selective amplifiers. Such systems are useful also in implement inv, th,
SLM approach (102).
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